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Strain Tester for Rubber’
By William L. Holt, Ellis O. Knox, and Frank L. Roth

A tester for messuring the strain of rubber vuleanizates when subjected to a prade-
termined atress {a deseribed. The operation of the taster and a deseription of the apparatus
for cutting and messuring the test specimens sre presented.  With thie equipment, routine
determinations of a point on the atres-sirain curve cao be mads with greater accurasy

and precisfon than has hitherte been peasible with the usual stresg-atrain squipment.

This

pirpin test aleo requires less labor than the customery stress fests.

I. Introduction

The strain tester deseribed herein was designed
to measure the strain at a definite time after the
application of a predetermined stress. In the
ususl testing proceduwre, stress is measured at a
spacified strain during the extension of the speci-
men at & relatively rapid rate. Interest in the
development of the strain tester resulted from
previous investigations ¥, which showed that the
replicate mepsurementa of strain nt & pradeter-
mined stress bave a wvariance of approximately
one-tenth the variance of the usual meapurerments
of gtresa at a specified strain.

The apparatus was desighed to permit routine
measurements of strain at any selected stresa below
rupture to be made with the degree of precisicn
found by Roth in the earlier investigetion. In
designing the strain tester, accuraey of measure-
ment, az well ag precision, was congidered. The
design features that are responsible for the im-
proved precigion and accuracy of measurements
in the strain test ara {1) Obeervation of hench
marks when they are essentially nt rest, (2 use of
freely suspended weights to attain the desired
stresses without friction effects, and (3) increase
in distance between bench marks of from two to
four times that possible with veual dumbbell-
shaped specimens.

This teat iz not intended te mensura stress-strain
"I The testar was deslgned and construsted at the roqoest of The Bube
ortamliies an Tegk Methaods of the Commifpes on Bpecifion) oo for 3ynihatio
Rabbors and was fvanced io part by fundd trooekeroed fom bhe (80 of
Rubber Remrys, Reconstraction Finsars Corp.

¥ Frank L. Roth and Robart IN, Bilahler, J. Research NBE 41, 87 (I4)
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propertiee nesr or at rupture. Far control testing,
however, and for many research tests, a knowledge
of the propertiez below the region of failure is
sufficient. The improved precision of the strain
test warrants & separate determination of the
propectics gt failore in thoze cases whore they are
DECEESETY.

II. Details of Construction

Thres accessory instruments are required to
prepare specimens for measuremetts in the strain
testar, These are (1) & die to ot apecimens
from a sheet of rubber, (2} a device for placing
bench marks on the specimen, and (3} a device
for determining the average thickness of the speci-
men. The construction of each of these instru-
mentz and of the atrain tester is described in turn.

1. Dis for Culting Specimens

The construction of the die vsed to cut speci-
mens from a sheet of rubher is shown in figure 1.
The cutting bleadea of the die consist of six atrips
of razor blade steal sharpened on one edge.  Each
strip is 6 in. long, % in. wide, and 0.009 in. thick.?
They are clampad between metal spacers 6 in.
long, % in. wids, and .245 in. thick, ao that the
cutting sdges project } in. The diz is used in an
arbor press or “glicking” machine,

With this davice, five strips 0.254 in. in width
are cut simultancously, Thiz width was chozen
for its convaniense in determining the load to be
applied - to the specimen to obigin the desired

7 These blpdss wers sunplled through the scmrgesy of the Giliette Balety
Hazor Co,, 125 Granite Btyeet, Boston, Mg,
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Fraunz 1. Die for cutting fise test specimens,
atresa based on the eross sectional area of the
unstrained specimen. The width 1z one one-
hundredth the numerical factor by which the
thickness in millimeters must be divided in order
to convert it to inches, Clonsequently the load,
expressed in pounds, ie equal te the numerieal
value of the thickness of the specimen measured
in millimeters, multiplied by the numerical value
of the deaired stress expressed in' hundred weights”
per square inch.  For example, to obtain 4 stress
of 400 Ihfin.?, the load to be applied to a specimen
2.03 mm in thickness and 0.254 in. in width
would be 2.03)400/100=8.12 Ib.

2. Banch Marker

Bench merks are placed 10 cm apart upon each
aspecimen. This distance makes it convenient to
measwra elongation {strain) directly by means of a
scale graduated in millimeters, The device used
is essentially a metal bar with razor blades fas-
tened on oach end, a3 shewn in figure 2.  In order
to prevent cutting of the specimen by the blade
the edges are ground, as shown in the detailed
section.,  'With this inarker, distinet hnes not over
0.010 in. wide are easily made.

3. Thickness Gage

The thickness of specimens is messored with
the gage shown in figure 3. This gage has a dial
indicator gradoueted in hundredths of a milli-
meter. One revolution of the poinfer corres-
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FIauee 2. Hepack marker.

sponds to 1.0 mm, and the total range of the ind:-
cator iz 2.5 mum.  The indicator i mounted above
an especially constrected base shown in figure 4.
An impaortant fenture of this basc is the pressure-
bar arvangement. This metal bar ia 10 em long
and is pressed upon the surface of the specimen
with o force of 4 ]b by means of a spring. The
bar is attached to a ball joint, which poasesses
sufficient freedom of movement to average the
thickness of wedge-shaped specimens. The dial
indicator is adjusted to read zere for apecimens
1.50 mm in thickness, as specimens of this thick-
ness require a load corresponding to the basic
weight. of the weight assembly described in sec-
tion II, 4. Additional thickness beyond 1.50
mm s vead in hundredths of a millimeter.

4, Strain Taster

The strain tester is designed to apply anto-
matically the selected weights to a apecimen to
produce the desired stress, to provide means for
mensuring the elongation aceurately and easily,
to nssure that measurement of elongation is made
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al the proper time altor spplication of the load,
and to return automatically the specimen and
tester to their starting positions alter the measure-
ment bas beon made,  The design of the tester
emboidivs mechanieal and electrical features that
are disenssod separately.

[a) Mechanical Assambly

The strain tester is shown in figures 5 and 6.
FEasentmlly, the tester consisis of two parts.  The
upper part comprises a vertical rack, the driving
mochonsm  for extonding  and  suspending the
specimen and the mechanism for measuring the
elongation,  The lower part vonsists of the wiight
sasembly and medhnnizm Tor pleeing the proper
lowel anp Bl speeimen,

The wertieal traek 1= consteacted Trom five strips
of cold-rolled steel 48 in. longe.  The baste st
strip s 2 ingin width and % i, i thickness.  To -

Lhis strip, two strips, %0, by 4 ing, and two strips, Frovem b, Cemernl piew af eobitee sleeen feater,
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Rubber sleiain tested from e perspective of (e

Fravnm 0.
operator,

Pt in sesden with motor of timesaeele gontrolliee] 35 hamd wleed o
plining cpgser posiiiomes w e djopess bereh pins®s X, pelaan s sjesdimin) gl
s (i plane mirete: 3, Bnod B for sotpting posliiomom To the gpecinem and
libeg the ewer posltbicer solih e livwne Dol mmek.

4 an. by Y in,, are fastened to form a T-slot % 1o,
in width at the base and % in. at the throat, This
glotssprves ns a gulde for the grp, which stretehes
and supporis the upper end of the specimen,  The
specimen grip also conneets the two enids of o
roller ¢hain (Boston Na. 35), which passes over
sprockets ab cach emd of the vertieal tenck, and
thenee o o Y- or Yhp-ratio motor,  The motor
raises and lowers the specimen grip in the T-slot
at o spieed of 200 inmin. Two limit switehes
loested fore and alt of the sprocker at the upper
end of the trick prevent the specimen greip from
reaching the sprockets and damuging the tester

A steel tape graduated in millimetors 1= used to
megsure the olongation,  As the bench marks are
placod on the specimen 10 em apart, each milli-
moter of extension corresponds to an eclongation
of 1 percent.  Two transpurent plastic positioners
with huir lines wre usod to Jocate the position of
the beneh moarks on the millimeter tupe.  The enid
of the tape iz fixed to the upper positioner, and
the zere point on the tape s sdjusted exsaetly 10

a8

e bolow Che hair line oo this positioner.  Thns,
when the positioners arve placed on the bench
marks, the clongation is read from the tape at the
lower positioner divectly i pereentage,  Inoorder
to permit the operator when seated st the tester
to locate the hair line of the upper positioner on
thi upper beneh mark areangement, X in Hgore
6, is made to obsorvie the hair line and the bBeneh
mark by mesns of a fixed plane mirror and o re-
flecting prism attached to the apper positioner,
Lights nttached to the prism illumingte the upper
bhench mark during the time an ohservition 1= 1o
b mudde.  The upper positioner, prism, and lights
are moved ap or down by means of o ladder chain
The assembly is driven
by means of a hand wheel, V' in liguree 6, within
easy reach of the seated operator. The lower
positioner shdes frocly on s vertieal squarve bar,
whicli serves a8 a guide for both positioners wnid
rotutes them away from the specimen. A hsndle,
¥ in fgure 8, on the lower positioner enables the
operator to slide it and o rotate both positioners
too the specimen a0 order to make observations
withou! parallax,

The lower part of the appursatus, consisting of
the weight-ussembly and  weight-loading  moech-
aniamy, 15 contered around a plumb line from the
upper grige The weight assembly passes frecly
through a rectongulpr hole 4 in. by & in. ent in
the table top that supports the upper and lower
parts of the apparatus.  The assembly consists
of an aluminum rod (approximately 32 . long),
on which 18 fastened two weight holders, one at
the lower ond for the fixed weight and the other
about 24 in, above lor the additive weights, At
the upper end of the rad is Instened the grip Tor
the lower end of the specimen. The holder for
the ndditive weights 15 constrocted as shown in
figure 7. Guide rods puss throwel the holes
the ends of the weight holder, and the additive
weights are placed i the semicireular notches

and sprocket assembly.

on the gides

Thi combination of the weight assembly and
weight loading mechamam 18 shown in fisure X,
The eight additive weights are supported on arms
thiat are normally inelined ot an angle of about 87
from the vortienl. Whon additive weights e
necded, the arms supporting the selected weights
are moved toon vertiend position.  "The additive
welghts wre then lifted from the ends of the arms
by the upward movement of the weight holder ol
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Fiorem 8. Weght assembly and Jocding mechaniem,

The welght arms are shrwn in (heir vertio] pogithon.  In opersthon thera
Wre mever mwia then foor arnet in thie poyiion st one tims, Ome of (he
addlidve walghis 1y ghown by daghed lineg in pealtion on thewalght g,

the time the specimen is elongated. The weights
are returned to the arms during the retraction of
the specimen.

The arma are moved to the vartical position by
means of solenoids and returned to their normal

Strain Tester for Rubber

position hy the action of a coil spring after the
circuit to the solenoid is broken. The mechanism
for actuating the solenoids and the mechanism
for indicating when the weight sassembly is
suspended freely are discussed in the section on
the electrical circuit.

(b} Klachical Circuit

The mechanical operation of the tester is con-
trelled by the electrical cireuit shown in figure ¢.
The part of the circuit that controls the weight
loading mechanism utilizes eight solenoids, 3,
{Guardian No. 12 AC) for moving the eight
weight arms into their vertical positions and 18
normally open switches for selecting the proper
solenoids to apply the desired load. The keys
operating the switches are locked by means of an
additional! solenoud, &, while the weizht assembly
is suapended. Dwuring the time the switches are
free to be changed for selection of the desired
load, this part of the circuit is not excited.

Four of the solenoids are controlled by one
decade of switches and the other four by & second
decade. Four switches of each decade are single-
pele, single-throw and contrel individual sele-
poids. The other five switchea of sach decada
are either double-pole, single-throw, or split-
contaet single-throw (Micro-Switches BZ-3YLT
were Usad) and eontrol appropriste combinations
of two solenoids. Thus with four weights, the
selection of any additive load in a decade is
obtained by closing one of nine awitches. COme
decade can mdjust the load to¢ correspond to
spocimen thicknesses from 0.1 to (L9 mwm in steps
of tenth-millimeters and the other decade from
0.01 to 0.0% mm in hundredth-millimeter stepa.
Thus the two decades can adjvet the load for
specimen thicknesses ranging from zero to (.90
mm in hundredth-millimeter steps. To close
these switches it iz convenient to use two decades
of keys and the keyboard mechanism from a
Friden calculator. This assembly is arranged so
that the closing of one switch in a decade opons
the others. The keyhoard mechsnism also pro-
vides & convenient device for locking the keys
while the tester is in operation.

The electrical eireuit, which controls the weight
loading mechaniem, 1= excited when the main
relay (4PST, 110 = AC, 6 amp} is cloged. This
relay is closad by preesing the start button &t the
start-stop station. Once closed the relay remaing
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Fiooee %, Eleeirical circedt for the rubber slrain beafer,

The posltiona of th 3w tehes and relays shown o the clrcmit are for the Gester gl reat, A, Bwlich for acluating single strole bell or gong, &, aml
wmps, kB, bell ar buszer; ©, switeh fac stopplng motor, A B, switch b manum] opecatlon of lumps, [, when the loster 18 ool 0 operadlon; O, single
strake bell or gong; H, switch for limitlng the it of the welght assombly afler switch, W, [z released; 1, lemps for iluninatiog uppss bemch mark
Auting the obeervation peril: K, solenok! fov bodking the keyboard; I, switéh for opening four PET reloy whi uphér ep returna te aksiting
pasitior; Af, Ume-svele controller motor; &, Dilol IEght for medor, M R, awiteh opemilng 3 PUT relsy to return upper spctimet grip 1o mest poaitivn
at end ol teal: & solanclds ot meving weight srms W Eheic vertiml pasltion; T, bell toangliriers; U, switoh bor loiting upward travel of the uppsr grip;
W, SPDT swlieh for starting motar, M, and whett welght gisembly k= nat freely snspended st tine of messurement for ringlng bell, 2.

closed until the cireuit to ite exeiting coil is broken
either by the action of the limit switch, L, which
opens when the upper grip returns to its starting
position or by the pressing of the stop bution by
the operstor. Besidea exciting the circuit con-
trolling the weight-loading mecdhanizm, this relay
starts the motor that lifta the upper grip and
gtrotches the specimen.

When the weight assembly iz freely suspended,
& single-pole, double-throw pracision snap switch,
W, mounted on the weight loading mechanism
starts the motor, A, on » time-cycle controller,
The functien of the other position of this double-
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throw switch is to actuate u signal that is described
with the signaling devices.

The sequence of operations after the weight
asspmbly ie freely suspended is controlled by 8
time-cycla controller (Electric Switch  Corp.,
model 02). Thia controller consista of four
mercury ewitches that are opened and closed by
the action of cams rotated by a synchronous
clock motor, Af. The functions of the mercury
switches are as follows:

The height switeh, H, limits the height to which
the weight assemhly may be raized (approximately
& in.).

Journal of Reasarch



The signal switch, A, operates an alerm, which
indirates the time the measurement of clongation
ia to be made. .

The reversing switch, B, actuates a 2-pole
double-throw relay, which reverses the motor
ot the end of a {est, permitting the specimen to
retract and the weipht assembly to come to rest,

The cycle switch, C, stops the time-cyele con-
teoller at the end of the cycle. The four switches
open and close at the following points in’ the
revolution of the cams:

Hwitch Openy Clasas

D, ] Lreprees

Helght _____________________ 9 a55
Bignal ... 284 248
Ravernivg - ... ..., 255 03
Cyele .- $e0 &

A rotation of 360° requires 80 zec. In order to
indicata when the controller is in operation, a
pilot lamp, P {6 v, 0.15 amp) is connected in
geries with the motor,

The signal switch of the controller closes the
primary circuit of an 3-v transformer, T Con-
nected to the secondary of the traneformer iz a
single-stroke bell or gong, , which serves to
indicate when the eclongation of the specimen
is to be obeerved. The lamps, J, which illuminste
the upper bench mark, are connecied to the same
cirenit. If the weight assembly is noit freely
suspended at the time the observation is to be
madae, the double-throw switch, W, attached to the
weirht-loading mechanism, connects a second
transformer into the signalswitch cireuit. Con-
nected to the secondary of thiz transformer is »
vibrating bell or buzzer, . This signal warna
thc operator that the cbasrvation is in error.

One of the limit switches, I7, on the vertical
track is used to protect the tester in case & speci-
men has an elongation greater than the limit of
the tester or breaks before the motor of the tima-
cycle controller starta. The other limit switch,
L, breaks the circuit to the coil of the main relay
at the end of each test when the upper grip returns
to its sterting position. This action breaks all
of the circuits except the one to the motor of the
time-cyele controller.

A ewiteh, E, is provided for manual operation
of the lamps, J, when illumination is desired for

Strain Tester for Bubbar

Ted400—48—1I

purposes other than the normal operation of
the tester. For example, illumination is requiced
when the zero position of the steel tape is being
initially adjusted relative to the hair line on the
upper positioners. This adjostment is conven-
iently accomplished by use of a separate milli-
meter scale held in the position of the specimen.,

III. Method of Operation

Three steps are involved in the strain test pro-
cedure; nemely, {1} the preparation of the test
gpecimen from a mmbber vuleanizate, (2) the
measurement of the cross-sectional area of the
specimen to determine the load to be applied, and
{3} the messurement of the elongation of the
spacimen &t a definite time after the load is applied.

1. Preparation of Speciman

From the usual test sheet of rubber vuleanizate,
& in. square and about 0.075 in. in thickness, five
specimene are cut by means of the die described
in section EI, 1. Wsing the marker described in
section JI, 2, bench marks 10 ¢m apart ara placed
upon each specimen. The marking compound
should be of & contrasting color to that of the
gpecimen; e. g., if the specimen is dark in eolor,
rad or white marks are convenient.

2. Determination of Load

If the die i3 properly constructed and in pood
condition, the width of each specimen will he
(254 in. (6.45 mm) to within J.051 in. Then
only & measurement of the average thickness of
each specimen by means of the gage deseribed i
gection FI, 3 i required to determine the cross-
sectional nrea.

For measurements at & strees of 100 lbfin?
changes in thickness will reguire changes in load,
in pounds, which are numerically equal to the
thickness change in millimeters. Consequently,
hy setting the zero position of the dial gage to the
numerical value of the fixed weight, one needs
meraly to make the additive weights equal to the
dial reading obtained with the different specimens.
To obtain the seme convenient arrangement ai
200 Lb/in ?, the fixed load and euch additive weight
must be doubled. This is accompliched by the
substitution of a different weight assembly,
Analogously, weight assemblies corresponding to
any other desired stress can be used, if desired.
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The tester in our labotatory is cquipped with three
seta of weighta for applying stresses of 100, 200,
and 400 Ib/in 2. Alternatively, the fixed weight
can be manually adjusted for each eiress, and a
table used to obtain the key board seitings cor-
responding to different dial-gage readings.

2. Measurement of Strain

The specimen is placed i the pripa of the tester
by the operator with the bench marks facing him,
After depressing the proper keys controlling the
additive weighta, he presses the atart bution.
Thiz action engages the appropriate additive
weights and stratches the specimen. The pilot
light indicates when the weighis become freely
suzpended, and the time cycle begins, Fifty-five
geconds later when the sigmal sounds, the opera-
tor holds the positioners against the specimen
with his left hand and superimposes the haie line
of the upper positicner cn the upper bench merk
by turning the hand wheel with his right hand.
After this positioner is adjusted, he superimposes
the hair Ime of the lower positioner on the lower
bench mark by sliding the positioner with his left
hand. Approximately 8§ sec are allowed for these
two operations. The operator observes the ¢lon-
gation in pereentage directly from the position of
the hair line of the lower positioner on the milli-
meter tepe. There i ample time to observe and
record the elongation while the upper grip and
weight assembly retumn avtomaticslly to their
starting position. A new specimen can he in-
gerted and the keys changed while the contreller
completes its cyele.  Thus each specimen requires
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about 14 min of machine operation. The opara-
tor, however, has sbout 1 min of this time free
during which he could either operate & second
machina or prepare specimens for measurement.

IV. Comments on Performance

The strain tester constructed in this laboratory
has operated very satisfactorily for more than a
year. ‘In the usual stress-sirsin measurementa,
the errors in teating have been found to be of the
sarne order of magnitude as those arizing in the
preparation of the vuleanixate. On the other
hand, it has been found that the errors of teating
with the strain tester are negligible in comparigon
to those arising in the preparation of the vul-
canizatc. This improvement i precision and
acenracy of testing has been useful in both control
and research testing. Drata showing the improve-
ment of precision havo becn omitted from this
papet, as they are a part of a separate paper (see
footnote 2),

An advantage of this test, in addition to the
improved testing, is the reduction in man-hour
requitements.  This reduction 15 due in large part
to obtaining the data in tabular form at the time
of test. At the same time, the onse and con-
venience of the test has improved the morsle of
the testing personnel. The operation of the
tester from a sitting position, the ease of changing
weighta, and the elimination of following two
moving hench marks simultaneously have heen
the prime factors in this respect.

Wasamwarow, October 24, 1947.
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